Background {#Sec1}
==========

Medical endoscope is an important surgical equipment for minimally invasive treatment technology, which has the advantages of small trauma, short operation time and quick postoperative recovery and plays an important role in surgery and operation \[[@CR1]--[@CR4]\]. For a long time, imported medical endoscopes have been more favorable due to perceived higher variety, better quality, more advanced technology and better service. With the extra investment in medical technology research and development, medical endoscopes produced by domestic manufacturers in China are quickly catching up in terms of product variety, quality, performances and innovation. Medical devices such as endoscopes are not a one-off purchase, instead, the associated post-sale service provided by the manufacturers or qualified dealers plays an important role in influencing decision making by the clients. Medical endoscopes are widely used for medical diagnosis and treatment, hence, the registration, the administration and the service level of endoscopes have received attention from the top level Ministry of Health in China, mid level Chinese State Administration of Food and Drug, and various medical institutions and medical device manufacturers. In this study, we measure the service level of medical endoscope from the perspectives of producers and end users. Medical institutions purchase endoscopes and professional doctors with professional licenses become the end users. Since medical endoscopes are applied to patients, medical endoscopes not only require strict disinfection, inspection and storage before and after use, but also regular quality and safety inspections by engineers \[[@CR5], [@CR6]\]. Currently there is no evaluation standard available to assess the service level provided by medical endoscope suppliers. The huge variety of medical endoscopes, in terms of brands, types, functions and application scenarios, makes the evaluation more challenging \[[@CR7]--[@CR10]\]. Most of the studies to date only evaluated the post sales service of medical endoscope suppliers, for example, 6 indicators were agreed to assess post sale service of medical devices used in China \[[@CR11]\], and similarly 16 indicators were identified by Shanghai Sixth People's Hospital using Delphi method to assess post sale service \[[@CR12]\]. These evaluation systems did not consider pre-sale or during sale service, nor did the systems make comparison between different brands, which are all important factors influencing decision making when end users choose endoscopes.

As a subjective and qualitative method, Delphi method produces reliable results and draws unified conclusions from sufficient data, which provides a strong foundation to identify key indicators that are used to construct an EIS for medical endoscope. In this research, we use Delphi method to establish a comprehensive Evaluation Index System (EIS) to assess service level across the life cycle of a medical endoscope, staring from pre-sale, to in-sale and ending with post-sale. The weights of various indicators in the evaluation index are determined using AHP and percentage method \[[@CR13]--[@CR15]\]. The new EIS provides a tool to evaluate service level of medical endoscope, strengthening the quality control in manufacturers or service providers and enabling users to make informed decision.

Methods {#Sec2}
=======

An overview of Delphi method {#Sec3}
----------------------------

The Delphi method was originally conceived to study an Air Force-sponsored Rand Corporation, to obtain the most reliable consensus of opinion of a group of experts \[[@CR16]\]. In its infancy Delphi is characterized as a method for structuring effective communication process to allow a group of individuals to reach a group consensus. Nowadays the Delphi method has evolved to become a fundamental tool in the areas of forecasting, evaluation and concept/framework development, when there is a need to incorporate subjective information directly into evaluation models. Traditional Delphi method consists of six phases \[[@CR17], [@CR18]\]: (1) appoint a group facilitator who selects a group of experts based on the topic being examined; (2) identify experts and assemble expert panel; (3) define problem and develop questionnaire; (4) brainstorm alternatives through Round 1 questionnaires; (5) analyze, summarize and narrow alternatives through controlled feedback; and (6) rank alternatives in subsequent rounds of questionnaires and reach a closer consensus. At the end of each round of questionnaire, all questionnaires are returned to the facilitator who decides if another round is necessary or if the results are ready to support decision making. The questionnaire rounds can be repeated as many times as necessary to achieve a general sense of consensus \[[@CR19], [@CR20]\].

Research using Delphi method {#Sec4}
----------------------------

### Phase 1 appointing a group facilitator {#Sec5}

The endoscopic service level research group appointed a team leader to setup the expert group. This team leader specializes in medical equipment management and maintenance management.

### Phase 2 identifying experts and assembling expert panel {#Sec6}

#### Selection criteria {#FPar1}

This study adopted the method of non-probability subjective sampling and appointed experts from medical institutions or medical device enterprises who meet the following criteria: (A)working in medical institutions, and engaging with medical endoscope application, including medical doctors, medical device engineers;(B)working in medical device enterprises, associated with the production, sale and post-sales service of medical endoscopes(C)having a professional title at advanced level or above(D)having a positional title at middle level or above(E)having more than 5 years' working experience in the positions outlined in (A-D).

#### Degree of expert authority {#FPar2}

In addition to selection criteria outline in (A-E) above, degree of expert authority Cr is introduced to add or remove experts from each round of questionnaires. The degree of expert authority Cr is defined using two self-evaluation scores that were given by the experts in each round of questionnaire, to reflect the reliability of experts' opinions: $$\documentclass[12pt]{minimal}
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                \begin{document}$$ \mathrm{Cr}=\left(\mathrm{Ca}+\mathrm{Cs}\right)/2 $$\end{document}$$where Cs is expert's knowledge base to judge the program, and Ca is the expert's familiarity with the problem. Cs and Ca range between 0 and 5, with a higher value indicating more reliable judgment and more familiarity with the problem \[[@CR16]\] (see Table [1](#Tab1){ref-type="table"}). If the self rated Cr is higher than the threshold 2, the expert is kept, otherwise the expert is removed from group. Table 1Quantitative self-evaluation scores Cs and CaJudgement basis (Cs)Quantitative value (score)Familiarity (Ca)Quantitative value (score)Practical experience5.0Very familiar5.0Theoretical analysis4.0Familiar4.0Understanding of relevant progress at home and abroad3.0General familiarity3.0Reference2.0Not very familiar2.0Subjectivity1.0Unfamiliar1.0

In the first round, following selection criteria (A-E) we chose 30 medical endoscope managers from medical institutions and endoscope enterprises to participate. In the second round, degree of expert authority was computed to filter the experts, with only 15 eligible experts remained. Ten new experts from medical institutions were invited to participate the second round of questionnaire, making the total number of participants as 25. The same procedure was applied to the third round, which consisted of 20 medical endoscope managers from medical institutions. The reduced number of samples in each round was in accordance with the correlation function, which satisfied gender and age diversity, as shown in Table [2](#Tab2){ref-type="table"}. Table 2Basic situation of the sampleUnitWorking yearsProfessional titlePositional titleHospitalEnterprise5--10 years11--20 yearsMore than 20 yearsAdvanced or aboveMiddle or above**First round**1515152131317**Second round**25005202523**Third round**20002182020

### Phases 3 define problem and develop questionnaire {#Sec7}

A comprehensive review on medical endoscope development is conducted by extracting, analyzing and comparing findings from previous studies. We also searched Pubmed, Web of Science, [cnki.net](http://cnki.net), Wanfang database and other databases to understand the status quo of medical endoscopy service evaluation and analyzed the factors that affect the evaluation of medical endoscope services, which formed the theoretical basis for this research. This study used Nvivo 8.0 software coding function, and micro-analysis of the literature, to establish preliminary categories and sub-projects.

Based on the aforementioned work, a three-level EIS is constructed to assess the service level of medical endoscope, consisting of the First Level, the Second Level and the Third Level (see Fig. [1](#Fig1){ref-type="fig"}). Fig. 1Hierarchical structure of indicators at three levels

As shown in Fig. [1](#Fig1){ref-type="fig"}, there are three categories at the First Level, including pre-sale, in-sale and post-sale. At the second level a group of sub-indicators are identified, and more sub-indicators are included at the Third Level. These indicators formed a basis to develop the first round of questionnaire that seeks to measure perceived importance score rated by experts for each indicator (see Appendix [1](#MOESM1){ref-type="media"} for a sample of the questionnaire which shows all the questions of Level 1 and 2 indicators, and part of the questions of Level 3 indicators). The indicators were rated on a Likert scale of 1--5, where 5 = Very important and 1 = Not important.

### Phases 4--6 three rounds of questionnaires and rank alternatives {#Sec8}

The first round of expert consultation focused on constructing a hierarchical structure of medical endoscope service level EIS. The first round of questionnaire was issued to the selected experts by post, together with the instructions to fill the questionnaire based on their personal opinion, experience or pervious research. Based on the importance scores and feedback received in the first round, we revised the list of medical endoscope service level indicators by removing the indicators that did not meet a set of criteria, clustering similar indictors, and adding new indicators that were missed.

The second round and third round of expert consultation mainly focused on the repeated rating of the importance scores of the indicators. In the third round, experts were also invited to determine the weights of all the remaining indicators, with the AHP procedure adopted to rank the three indicators at the First Level, and the percentage method applied to rank the indicators at the Second and Third Levels.

#### Computing indicators' weights using AHP and percentage method {#FPar3}

The weight assigned to each of the three indicators at the First Level is equal to the sum of percentages of sub-indicators descended from that indicator, as shown in eqs. (2) and (3) (see Fig. [1](#Fig1){ref-type="fig"}): $$\documentclass[12pt]{minimal}
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Where *n* represents the level, i.e., the First, Second or Third level; *k* is the *k*th indicator at the *n*th level; *i* is the *i*th sub-indicator descended from the *k*th indicator at the *n*th level (*i = 1,2,...m*); *j* is the *j*th sub-indicator descended from the *i*th indicator at the *(n + 1)* th level. Through two rounds of expert consultation, the feedback information of experts was analyzed and the evaluation indicators were revised twice.

The medical endoscope service level EIS and the weight of each indicator was developed using three rounds Delphi method, AHP and percentage method \[[@CR16], [@CR21]\]. The index score of a medical endoscope was calculated as the aggregate importance score of all the indicators, i.e., the weighted sum of importance scores of individual indicators.

#### Quantitative criteria for inclusion and deletion of indicators {#FPar4}

The concentration of expert opinions is mainly determined by the Average Score (M) and the Full Score Frequency (K), which reflect the importance of the indicator in evaluating medical endoscope service level. M is the mean value of the importance scores rated by all the experts, and K is the frequency of receiving full scores (rating 5 in this study) from experts. "Q~+~" indicates the maximum value of the expert's importance score, "Q~−~" indicates the minimum value of the expert's score, and Q~+~-Q~−~ indicates the extreme value of the expert index score. The smaller the extreme value, the higher the concentration, when Q~+~-Q~−~ \< 2, it indicates that the concentration of expert opinions is good.

Following the Delphi method, a quantitative assessment was conducted to screen the indicators to be included in the EIS. To include an indicator in the EIS, three criteria must all be met: (1) Full Score Frequency K is above the critical value of K = 0.3; (2) the mean value of importance score M is higher than the critical value of M = 4; and (3) the extreme value Q~+~-Q lower than or equal to the critical value of Q~+~-Q~−~ = 2.

If one or two criteria are not met, a discussion is required with experts to decide whether to cluster the indicator with others or delete it.

Hence, when finalizing the indicators to be included in the EIS, an aggregate decision is drawn upon expert suggestions, importance scores of indicators obtained by Delphi method, and the analysis and discussion of the research group \[[@CR22]\].

Results {#Sec9}
=======

Expert positive coefficient {#Sec10}
---------------------------

The expert positive coefficient is the degree of attention and interest of experts in the research. In this study, a total of 3 rounds of expert consultations were conducted, as shown in Table [3](#Tab3){ref-type="table"}. In the first round, 30 questionnaires were issued, and 25 were collected, of which 18 were valid questionnaires, and the expert positive coefficient was 83.3%. In the second round, 25 expert consultation forms were issued, and 20 were collected. Among them, 19 were valid questionnaires, so the expert positive coefficient was 80.0%; in the third round 20 questionnaires were issued, 20 were recovered, of which 19 were valid questionnaires, and the expert positive coefficient was 100.0%. From the statistical results of the three rounds of experts' positive coefficient, most experts had a higher level of participation in this study. Table 3Expert positive coefficientFirst roundSecond roundThird roundIssued302520Received252020Expert positive coefficient83.3%80.0%100.0%

Reliability analysis of questionnaire design {#Sec11}
--------------------------------------------

Cronbach's α is a statistic value, referring to the average value of half reliability coefficient obtained by all possible item partitioning methods of the scale. The value of Cronbach's α coefficient is between 0 and 1, and a value above 0.8 indicates good reliability of the scale. The computed reliability coefficient of the questionnaire is α = 0.976, which showed that the questionnaire was well designed and had high reliability \[[@CR23]--[@CR25]\].

Degree of concentration of expert opinions {#Sec12}
------------------------------------------

As an example, the degree of expert opinion concentration is calculated for some of the indicators at the Second Level, as shown in Table [4](#Tab4){ref-type="table"}. The Mean Scores M of technical solutions, device installation and maintenance system were more than 4; the Full Score Frequency K was more than 0.3 for each indicator; and the difference of extreme value Q~+~-Q~−~ was majorly less than or equal to 2, which indicated that experts' opinions were well concentrated. However, the difference of extreme value of complaint handling was more than 2, which indicated that the concentration of expert opinions was slightly poor. Table 4Degree of concentration of expert opinionsIndicatorsMKQ + -Q-extreme value difference1.3 Technical solutions4.4290.5242≤22.4 Device installation4.8570.8571≤23.1 Maintenance system4.5710.6192≤23.7 Maintenance response4.8100.8101≤23.16 Maintenance quality4.6190.4761≤23.3 Complaint handling4.0480.3334\> 2...............

Screening results of medical endoscope service level indicators {#Sec13}
---------------------------------------------------------------

In the first two rounds of questionnaire, numerical results M, K and Q~+~-Q~−~ were calculated, to redefine and cluster the list of indicators before the third round questionnaire. Post the third round of questionnaire, quantitative criteria M, K and Q~+~-Q~−~ were applied to finalize the list of indicators, with the indicators with modified twice and lower importance scores being deleted \[[@CR26]\].

Based on a comprehensive review of the literature, and consideration of experts' opinions, we selected 123 indicators to design the first round of questionnaire, including 35 indicators at the Second Level, and 88 indicators at the Third Level. After the first round of questionnaire, the numerical results of measuring the indicators against the three quantitative criteria were calculated, i.e., Average Score M, Full Score Frequency K, and extreme value difference Q~+~-Q~−~, to remove and add indicators to the Second and Third levels, as presented in Table [5](#Tab5){ref-type="table"}. Table 5Quantitative measures in the first roundInitial number of indicatorsAverage Score M \> 4K \> 0.3Q~+~-Q- \< =2Number of indicators at the end of first round**Second level indicators**3532332334**Third level indicators**8878776382

For example, the Average Score M of the indicator 3.18 "Function Development" was 3.553, the Full Score Frequency K was 0.222, and the extreme value difference Q~+~-Q was 5, which indicated that experts had a low degree of recognition of this indicator and the indicator should be removed. According to the results obtained from the first round of the Delphi method, 1 indicator at the Second Level was deleted, leaving 34 indicators at the Second Level. 6 indicators at the Third Level were deleted, 2 indicators at the Third Level were merged into one new indicator,1 new indicator for product trials was added to the Third Level, and 2 third-levels of indicators were redefined, leaving 82 indicators at the Third Level (see Table [5](#Tab5){ref-type="table"}).

The quantitative measures of the indicators against the three criteria in the second round are presented in Table [6](#Tab6){ref-type="table"}. According to the results of the second round of questionnaire, one indicator at the Second Level was deleted, and 4 indicators were merged into one new indicator, leaving 30 indicators at the Second Level. At the Third Level, 4 indicators were merged into 2 new indicators (among the four indicators, two indicators were merged into one), 7 were deleted, and 3 new indicators were added, leaving 76 indicators at the Third Level. Table 6Quantitative measures in the second roundInitial number of indicatorsAverage Score M \> 4K \> 0.3Q~+~-Q- \< =2Number of indicators at the end of second round**Second level indicators**3425252330**Third level indicators**8276616376

Table [7](#Tab7){ref-type="table"} and Table [8](#Tab8){ref-type="table"} present the statistical results of each indicator at the Second and Third levels, including Average Score M, Full Score Frequency K, Extreme Value Q~+~-Q~−~, and Degree of Expert Authority Cr. These results were compared with the criteria (1)--(3) defined in the Section "**Quantitative criteria for inclusion and deletion of indicators",** and the indicators were removed or retained accordingly based on the comparison outcome or experts' judgement. Table 7Statistical results of second-level indicators identified under Delphi methodSecond-level indicatorsMStandard deviationCoefficient of variationKQ~+~-Q~−~Cr1.1 Product display4.0000.8370.2090.28634.0001.2 Technical information4.4290.6760.1530.52424.4761.3 Technical solutions4.4760.7500.1670.57134.4051.4 Requirement Demonstration4.1901.0300.2460.47644.0001.5 Sales system3.1430.5730.1820.00023.1191.6 New technology promotion3.5710.9260.2590.14333.5712.1 Configuration project4.6190.7400.1600.71434.4052.2 Timeliness of arrival4.3810.5900.1350.42924.4762.3 Installation manual4.4760.6800.1520.57124.4292.4 Device installation4.8570.3590.0740.85714.5242.5 Equipment commissioning and quality control4.6670.7300.1560.81024.5002.6 Equipment acceptance4.8100.4020.0840.81014.6432.7 Data protocol4.1900.8730.2080.47624.0482.8 Primary operational training4.6670.5770.1240.71424.4293.1 Maintenance system4.5710.5980.1310.61924.7143.2 Post-sales service personnel4.5710.7460.1630.71424.5003.3 Complaint handling4.0480.9730.2410.33344.1673.4 Adverse event monitoring4.1900.7500.1790.38124.2143.5 Product recall4.0000.9490.2370.38133.9523.6 Maintenance and use manual4.7140.6440.1370.81024.4293.7 Maintenance response4.8100.4020.0840.81014.6193.8 Maintenance accessories4.7140.4630.0980.71414.6193.9 Standby machine4.3810.6690.1530.47624.4053.10 Warranty contract4.6190.4980.1080.61914.6193.11 Maintenance and repair report4.4760.7500.1670.57134.5243.12 Retraining of clinical operations4.2380.8310.1960.47624.2143.13 Retraining in clinical application4.2860.7840.1830.47624.1193.14 Technical support4.3330.6580.1520.42924.2383.15 Scientific research cooperation3.7141.1020.2970.28643.9763.16 Maintenance quality4.6190.4980.1080.61914.619Table 8Statistical results of third-level indicators identified under Delphi methodThird-level indicatorsMStandard deviationCoefficient of variationKQ~+~-Q-1.1.1 In-hospital training demonstration3.9520.8050.2040.23831.1.2 Out-of-hospital training demonstration3.4761.0780.3100.14341.2.1 Technical information4.5240.6020.1330.57121.3.1 Providing technical solutions4.6190.7400.1600.71431.3.2 Program completeness4.3810.8650.1970.57131.4.1 Requirement Demonstration3.9521.1610.2940.42941.5.1 Product category3.3330.7300.2190.09531.6.1 Popularization and trial3.7140.9020.2430.19032.1.1 Programme effectiveness4.6190.7400.1600.71432.2.1 Contract arrival4.5710.5980.1310.61922.2.2 Logistics services4.0000.9490.2370.38132.3.1 Accompanying documentation4.5710.5980.1310.61922.4.1 Device installation4.8570.3590.0740.85712.4.2 Installation efficiency4.1900.8140.1940.38132.4.3 Installation report4.1900.8730.2080.47622.4.4 Installation service4.2860.7170.1670.42922.5.1 Installation and commissioning4.7140.5610.1190.76222.5.2 Quality inspection4.3330.9660.2230.61932.5.3 Quality control record4.5710.8700.1900.76232.5.4 Quality control service satisfaction4.3810.7400.1690.52422.6.1 Acceptance process4.7140.5610.1190.76222.6.2 Acceptance Time4.2380.9440.2230.47632.6.3 Unacceptable processing4.4290.6760.1530.52422.6.4 Acceptance service4.4290.6760.1530.52422.7.1 Data opening3.9520.9210.2330.38122.8.1 Normative training4.3810.7400.1690.52422.8.2 Clinical training4.5240.5120.1130.52412.8.3 Medical training4.4290.6760.1530.52423.1.1 Engineer qualification4.4290.7460.1690.57123.1.2 Maintenance scale4.0000.7750.1940.28623.1.3 Maintenance and certification4.0950.7680.1880.33323.1.4 Maintenance system4.0950.7680.1880.33323.1.5 Maintenance implementation normative4.4760.7500.1670.61923.1.6 Maintenance response time4.9050.3010.0610.90513.1.7 Troubleshooting time4.7140.5610.1190.76223.2.1 Post-sales team3.9050.7000.1790.19023.2.2 Team training4.4290.7460.1690.57123.2.3 Satisfaction with team service4.5240.6020.1330.57123.2.4 Satisfaction with maintenance service4.6190.4980.1080.61913.3.1 Complaint procedure3.9520.8650.2190.19043.3.2 Complaint record3.7140.9020.2430.14343.3.3 Complaint handling4.0950.9950.2430.38143.3.4 Convenience of complaints4.2380.8890.2100.47633.3.5 Complaint feedback4.2380.8310.1960.42933.4.1 Adverse event monitoring4.1900.9280.2220.47633.4.2 Report of adverse events4.0480.8650.2140.33333.4.3 Adverse event handling4.0950.7680.1880.33323.4.4 Adverse event record4.4290.6760.1530.52423.5.1 Product recall3.6190.7400.2040.04833.6.1 Operation manual4.6670.7300.1560.81023.6.2 Service manual4.5240.8140.1800.66733.6.3 Openness of technical data4.4290.7460.1690.57123.7.1 PM program4.5710.5980.1310.61923.7.2 Satisfaction with PM service4.4760.6020.1340.52423.7.3 Satisfaction with maintenance hotline4.1430.7270.1750.33323.7.4 Satisfaction of Maintenance Response4.4760.6800.1520.57123.7.5 Satisfaction with troubleshooting4.6670.5770.1240.71423.8.1 Quality of maintenance accessories4.6190.4980.1080.61913.8.2 Speed of arrival of repair accessories4.5240.5120.1130.52413.8.3 Satisfaction with maintenance price4.5710.5980.1310.61923.8.4 Satisfaction with payment method4.1430.8540.2060.42923.9.1 Whether to provide a standby machine4.5240.7500.1660.66723.9.2 Satisfaction with standby service4.3330.7300.1690.47623.10.1 Contract Integrity4.5240.6020.1330.57123.10.2 Satisfaction with contract economy4.4760.5120.1140.47613.10.3 PM Satisfaction in Contract4.3330.6580.1520.42923.10.4 Satisfaction with contract indicators4.4290.6760.1530.52423.10.5 Satisfaction with Contract evaluation4.2860.7170.1670.42923.11.1 Satisfaction with reporting quality4.5240.5120.1130.52413.11.2 Satisfaction with report completion rate4.3330.5770.1330.38123.12.1 Satisfaction with operational retraining4.1900.8140.1940.42923.13.1 Satisfaction with application retraining4.2860.7170.1670.42923.14.1 Technical support4.1430.5730.1380.23823.15.1 Scientific research cooperation3.7141.0560.2840.23843.16.1 Probability of the same fault occurrence4.5240.6020.1330.57123.16.2 Satisfaction with equipment Performance4.4760.5120.1140.4761

In the third round of questionnaire, the number of deleted indicators at the Second and Third Levels were 6 and 8 respectively, keeping 24 indicators at the Second Level and 68 indicators at the Third Level (see Table [9](#Tab9){ref-type="table"}). Following the three rounds of questionnaire, we constructed an EIS, including 3 indicators at the First Level, 24 indicators at the Second Level, and 68 indicators at the Third Level \[[@CR27]\]. Table 9Weighting of indicators using AHP and percentage methodFirst-level categoriesWeightsecond-level indicatorsWeightThird-level indicatorsWeightPre-sale service0.13451.1 Technical information0.06691.1.1 Technical information0.06691.2 Technical solutions0.06761.2.1 Providing technical solutions0.03471.2.2 Program completeness0.0329Sale service0.25682.1 Configuration project0.03242.1.1 Programme effectiveness0.03242.2 Timeliness of arrival0.03072.2.1 Contract arrival0.01642.2.2 Logistics services0.01432.3 Installation manual0.03142.3.1 Accompanying documentation0.03142.4 Device installation0.03402.4.1 Device installation0.00942.4.2 Installation efficiency0.00812.4.3 Installation report0.00812.4.4 Installation service0.00832.5 Equipment commissioning and quality control0.03272.5.1 Installation and commissioning0.00862.5.2 Quality inspection0.00792.5.3 Quality control record0.00832.5.4 Quality control service satisfaction0.00802.6 Equipment acceptance0.03372.6.1 Acceptance process0.00892.6.2 Acceptance Time0.00802.6.3 Unacceptable processing0.00842.6.4 Acceptance service0.00842.7 Data protocol0.02932.7.1 Data opening0.02932.8 Primary operational training0.03272.8.1 Normative training0.01072.8.2 Clinical training0.01112.8.3 Medical training0.0109post-sale service0.60873.1 Maintenance system0.04453.1.1 Maintenance scale0.00643.1.2 Maintenance and certification0.00683.1.3 Maintenance system0.00683.1.4 Maintenance implementation normative0.00693.1.5 Maintenance response time0.00763.1.6 Troubleshooting time0.00833.2 Post-sales service personnel0.04453.2.1 Post-sales team0.00993.2.2 Team training0.01133.2.3 Satisfaction with team service0.01153.2.4 Satisfaction with maintenance service0.01183.3 Complaint handling0.03943.3.1 Complaint record0.00993.3.2 Complaint handling0.00993.3.3 Convenience of complaints0.01023.3.4 Complaint feedback0.01023.4 Adverse event monitoring0.04083.4.1 Adverse event monitoring0.01023.4.2 Report of adverse events0.00983.4.3 Adverse event handling0.01003.4.4 Adverse event record0.01083.5 Maintenance and use manual0.04593.5.1 Operation manual0.01573.5.2 Service manual0.01523.5.3 Openness of technical data0.01493.6 Maintenance response0.04683.6.1 PM program0.00963.6.2 PM service satisfaction0.00893.6.3 Satisfaction with maintenance hotline0.00873.6.4 Satisfaction with Maintenance Response0.00943.6.5 Satisfaction with troubleshooting0.00983.7 Maintenance accessories0.04593.7.1 Quality of maintenance accessories0.01193.7.2 Speed of arrival of repair accessories0.01163.7.3 Satisfaction with maintenance price0.01173.7.4 Satisfaction with payment method0.01063.8 Standby machine0.04263.8.1 Whether to provide a standby machine0.02183.8.2 Satisfaction with standby service0.02083.9 Warranty contract0.04493.9.1 Contract Integrity0.00923.9.2 Satisfaction with contract economy0.00843.9.3 PM Satisfaction in Contract0.00883.9.4 Satisfaction with contract indicators0.00903.9.5 Satisfaction with Contract evaluation0.00873.10 Maintenance and repair report0.04353.10.1 Satisfaction with reporting quality0.02223.10.2 Satisfaction with report completion rate0.02133.11 Retraining of clinical operations0.04123.11.1 Satisfaction with operational retraining0.04123.12 Retraining in clinical application0.04173.12.1 Satisfaction with application retraining0.04173.13 Technical support0.04223.13.1 Technical support0.04223.14 Maintenance quality0.04493.14.1 Probability of the same fault occurrence0.02263.14.2 Satisfaction with equipment Performance0.0223

The weights and important scores of service level indicators {#Sec14}
------------------------------------------------------------

Applying the AHP procedure and the percentage method, the weight of each service level indicator was calculated and presented in Table [9](#Tab9){ref-type="table"}. The indicators at the First Level are ranked as post-sale service (0.6087), in-sale service (0.2568), and pre-sale service (0.1345), highlighting post-sale service is the most valued by users and is most important to manufacturers or dealers. Within the post-sale service category, most sub-indicators carry equal weights, for example, maintenance system and post-sales service personnel both carry 0.0445 weights.

Case study {#Sec15}
----------

At present, there is no standard to follow when designing an evaluation system to assess service level of a medical device. To test and verify the applicability of the proposed EIS, and gain deeper insights into the performance of EIS, a case study was performed. In light of the market share, brand awareness, and of the use of medical endoscopes in Chinese market, Olympus, Shanghai Aohua, and Shanghai Chengyun were selected as case companies to test and verify the proposed EIS. In this case study, 10 questionnaires were distributed to each manufacturer, 30 questionnaires were returned and 30 responses were valid. In this survey, the number of respondents was 30, 80% of them had bachelor's degree or above, 70% had technical titles above intermediate level and the relevant working years were longer than 5 years. According to the survey results, the Aggregate Index scores were calculated using the EIS, with Olympus scoring 4.17, Shanghai Aohua scoring 3.72 and Shanghai Chengyun scoring 3.28. The results were consistent with the evaluation of medical endoscopy service level in the market.

Discussion {#Sec16}
==========

The quality of medical endoscope service is an essential factor in market competition and an important link related to medical safety and patient safety. This research build a medical endoscope service level evaluation index system based on pre-sale, in-sale and post-sale service through Delphi method. It provided a tool to end users to choose ideal service providers, and a channel for service providers to identify options for service improvement. A few medical endoscope brands were selected for test and verify the developed EIS, and the results show that the system is applicable and useful, as evidenced that the final index scores obtained from the EIS system match the actual situation.

Construction of three-level index for medical endoscopy service evaluation {#Sec17}
--------------------------------------------------------------------------

The establishment of the medical endoscope service level EIS covered the whole life cycle of the service, including pre-sale, in-sale, and post-sales as the first-level indicators, and other indicators at the second-level and third-level. The inclusion, clustering or deletion of indicators were determined using a rigorous procedure, combining subject expert judgement from the Delphi method, and objective quantitative criteria. In this process, some indicators were deleted, which included pre-sale indicators at the Second Level, such as product display, demand demonstration, new technology promotion, sales system, etc. The deleted post-sale indicators included product recall, scientific research cooperation and functional development, etc.

But all the indicators under the category of in-sale were retained at the Second Level, and only a portion of the indicators at the Third Level were adjusted.

Pre-sale indicators were pertaining to promotion, display and sales performance of medical endoscope manufacturers in the Chinese market, which had more intersections with users of medical institutions. Although the decision of choosing medical endoscopes in the procurement process would be affected by the manufacturers marketing strategies, we chose to ignore the pre-sale marketing behavior as this area is less related to the quality or performance of medical endoscope.

Most of the post-sales indicators were retained, except scientific research and functional development cooperation. Although these indicators were prospective, the focus of medical endoscope users' service evaluation was on the safety and effectiveness of medical performance, while the value-added service functions such as scientific research cooperation were not relevant to most medical endoscope users. It is worth mentioning that the in-sale indicators had been fully retained, and only a small adjustment was made to the in-sale indicators at the Third Level. This aspect shows that the service behaviour in the sale was generally recognized, and the indicator design was relatively accurate. On the other hand, it shows that although the sale takes the shortest time in the whole service process, it is still very important.

The core role of post-sales service evaluation in medical endoscopy evaluation {#Sec18}
------------------------------------------------------------------------------

In this study, 3 first-level indicators, 24 s-level indicators and 68 third-level indicators were formed, and their weights were calculated respectively. The weights assigned to the three indicators at the First Level were 0.13, 0.25 and 0.62 respectively. This shows that the industry has strong emphasis on the after sale service provided for medical endoscope. Based on the responses received in the first round of questionnaire, we also found that manufacturers paid less attention to post-sale service than hospitals, but paid more attention to pre-sale service than hospitals. The reason is obvious, as manufacturers value the sales side, but the hospital cares about the experience of application and performances. Medical endoscope manufacturers paid more attention to the pre-sale of the products and the communication with the customers during the sales process, in order to maximize the profit of selling \[[@CR28]\]. When the medical endoscope breaks down during use, the manufacturer's profit level drops due to maintenance or repair fee, and a potential of loss of clients. Therefore, the manufacturer paid more attention to the pre- and mid-term sales process of the product. When endoscopes fail to work, hospitals and medical staffs, as the disadvantaged groups of medical endoscope users, wish to receive timely response and service from manufacturers or maintenance parties. Therefore, they would pay more attention to the post-sales service of medical endoscopes \[[@CR5], [@CR29]\].

Selection and information bias {#Sec19}
------------------------------

The observational study design in this research means that selection bias and information bias are present to some degree, which is the limitation of this research. Selection bias stems from the selection of the expert group in the Delphi study, which limits the comparability between groups being studied. To reduce the impacts of selection bias, the sampling method used in choosing experts was random, and the professionals who met our pre-defined criteria had equal probability to be included in the study. Future work will expand the Delphi study to multiple expert groups, to further refine the configuration of the EIS.

The use of questionnaire helps to collect a wider range of perspectives, views, and opinions on the service level of medical endoscope. However, information bias may arise from self-reporting bias (such as social desirability, or recall bias), or inaccurate estimation. The questions asked in this research do not concern private or sensitive topics, and anonymity and confidentiality were guaranteed at the time of data collection, hence social desirability bias is less likely to be present in this study. To overcome recall bias, we defined the selection criteria to choose experts in the Delphi study, requiring these members to closely engage in medical endoscope application or production, therefore, these respondents were supposed to have up to date knowledge to evaluate the service level. To ensure internal validity of the collected responses and to minimize the impacts of inaccurate estimation, Cronbach's α was calculated to check data reliability, and quantitative criteria was introduced to reassess the indicators. The next phase of study will involve surveys with a wider group of experts who will rate the service indictors. In additional to the use of statistical methods in checking validity and reliability, we will compare the survey data and the data from Delphi study with Technical reports or Users' Evaluation reports on medical endoscopes, to examine the validity of the self-reporting instrument.

Conclusions {#Sec20}
===========

In the process of establishing the service index system, the following characteristics of Delphi method were fully embodied: (1) the adequacy of resource utilization, as experts came from different manufacturers and industries, and they could make full use of their experience and knowledge; (2) the reliability of the net conclusions, benefiting from the back-to-back approach, each expert made his own judgment independently, without being affected by other complicated factors; (3) the unity of the net conclusion.

The EIS of medical endoscope established in this study, covers the whole life cycle of pre-sale, in-sale and post-sale of an endoscope; the EIS provides a comprehensive evaluation on the product (endoscope), from the aspects of manufacturers or service providers, as well as end user. A combination of qualitative and quantitative methods was applied to develop the EIS, combing subjective judgement and quantitative assessment. Therefore, the evaluation system constructed by the method of expert consultation has certain credibility and be applied to related fields. However, the results of this study are only carried out with a small group of samples, thus lack of testing in other problem settings. The research group plans to promote the application of the medical endoscope service level evaluation system in domestic medical institutions and manufacturers. Through iterative method and repeated expert methods, the evaluation system will be reviewed and upgraded to serve the national medical endoscope industry in the future.
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=========================
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**Additional file 1.** First round of questionnaire

EIS

:   Evaluation Index System

AHP

:   Analytic hierarchy process

Cr

:   Degree of expert authority

Cs

:   Expert's knowledge base to judge the program

Ca

:   Expert's familiarity with the problem

M

:   Average Score

K

:   Full Score Frequency

Q+

:   The maximum value of the expert's importance score

Q-

:   The minimum value of the expert's score

Q + -Q-

:   The extreme value of the expert index score
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